Abstract. It has been found that the onset of auroral kilometric radiation (AKR) frequently coincides with the arrival of type III solar radio bursts. Although the AKR onsets are usually abrupt and appear to be spontaneous, they sometimes develop from a discrete frequency near the leading edge of a type III burst or sometimes occur at progressively lower frequencies following that edge. From this, and the absence of the related solar electrons in specific cases, it was concluded that the incoming type III waves were sometimes responsible for stimulating auroral kilometric radiation. It was estimated that intense, isolated type III bursts were capable of stimulating AKR roughly one third of the time, and that at least ten percent of the observed AKR onsets could be attributed to these and weaker bursts, including some barely detectable by the ISEE plasma wave receivers.
If the AKR source region consists of a wave amplifier, it should also be expected to amplify other, nonthermal waves which enter it with the appropriate wave direction, frequency, and polarization. Specifically, it might be capable of amplifying the waves of type III solar radio bursts, provided the conditions are correct when they encounter the auroral zone. In order to test this concept, the type III bursts observed with ISEE-1 were examined for intensifications which could be attributed to amplification. The surprising outcome of this search was not only that such intensifications were found, but that these intensifications would frequently develop into intense AKR which lasted long after the type III burst had completed.
OBSERVATIONS
The ISEE-1 satellite includes a wave receiver [Gurnett et al., 
1978] capable of detecting both auroral kilometric radiation
Copyright 1981 by the American Geophysical Union. and type III radio bursts. The instrument scans the frequencies from 100 Hz to 400 kHz with roughly six percent frequency resolution every 32 seconds. The received signals are displayed in frequency-versus-time spectrograms, on which the stronger signals appear as darker areas. These ISEE-1 spectrograms, recorded from an equatorial earth orbit out to a geocentric distance of 22 earth radii, were supplemented by the plasma-wave observations from ISEE-3 , situated at the liberation point 0.1 AU in front of the earth. The ISEE-3 data are displayed as signal strength versus time for discrete channels up to 100 kHz (see Figure 2) . Type III radio bursts on the ISEE-1 spectrograms appear as smooth bands sweeping downward in frequency and lasting up to a few hours. On the ISEE-1 spectrograms, they start at the highest frequency (400 kHz) and frequently extend down to the solar wind plasma frequency (• 50 kHz). Auroral kilometric radiation, on the other hand, exhibits a quite different signature. It is bursty on a time scale of minutes and tends to appear and disappear simultaneously over a range of frequencies. The AKR bursts may persist for a few hours at a time, and there is a tendency for the bandwidth of AKR to narrow at both ends of a sequence of bursts [Kaiser and Alexander, 1977] . Since their signatures are so different, it is usually easy to distinguish between AKR and type III bursts on the same spectrogram. Aided by the ISEE-3 plasma-wave observations of type III bursts, a study of roughly two hundred, twelve-hour ISEE-1 spectrograms recorded during 1979 yielded a few dozen examples of coincident onset, including the two in Figure 1 .
Three strong type III bursts occur in Figure 1 , along with a few weaker ones. The earliest burst, which occurred just after ISEE-1 left the plasmasphere, was accompanied by a narrow band of enhanced signals at 200 kHz, beginning at its leading edge. A few minutes later both this band and the type III burst were intensified together, but this was probably an incidental result of the satellite's orbital motion. Over the next hour the AKR band expanded and wandered toward lower frequencies until, at 1730 UT, it became an intense, half-hour display of signals with the familiar characteristics of AKR. Afterward these signals contracted to a more narrow band at 130 kHz. It is unclear whether or not the intensification near 130 kHz which lasted until 2000 UT was related to the following type III burst at 1910 UT. Although the weaker type III burst at 2050 UT was free of detectable AKR signals, the strong one at 2150 UT was followed by a volley of AKR which lasted until midnight, aptly announcing the fourth of July. In this case the AKR appeared to begin near 100 kHz, again coincident with the leading edge of the type III burst.
The AKR intensification in Figure i between 1730 and 1810 UT was also detectable at ISEE-3 by its more sensitive radio astronomy wave receiver [Knoll et al., 1978] . On the radioastronomy spectrogram, it appeared as spur near 200 kHz, extending after the type III burst and clearly associated with it. Additional spurs were found to accompany some of the other type III bursts detected with this instrument during January and July, 1979, as were superimposed temporal striations which also suggested AKR signals. The occurrence of such spurs and striations at ISEE-3 seemed to favor the solstices, presumably because one of the geomagnetic poles was then tipped more Figure 3 . In the first panel, a brief 80 kHz enhancement occurred at 1515 UT which appeared to straddle the type III leading edge, but it terminated before the type III burst had completely passed the earth. Then at 1900 UT a weaker type III burst was followed by a lasting sequence of strong, irregular AKR signals. The multiple type III bursts before 0400 UT on 15 August occurred without AKR, and it is uncertain whether the feature beginning at 0415 UT was a type III burst, AKR, or both. Finally, the signals intensified at 0510 UT, coincident with a weak type III signal, and they acquired more the character of AKR. These signals appeared to diminish iust before the following strong type III burst at 0745 UT, and it is uncertain whether they reappeared thereafter. In the third panel of Figure  3 (which was free of data gaps), the first two AKR onsets, at 2220 and 0110 UT, occurred abruptly without detectable type III bursts. However, the later onset at 0345 UT occurred at progressively lower frequencies which again seemed to roughly follow the leading edge of the associated type III burst. •.
• AU The criterion for an onset was the occurrence of moderately strong AKR signals (greater than roughly 10 -•? w/m•'Hz) preceded by their absence for at least 30 minutes, excluding isolated AKR bursts lasting less than 30 minutes. In ten of the 27 cases, no AKR was found, and ongoing AKR occurred in nine. AKR onsets satisfying the criterion were found in the remaining eight, all within 30 minutes after the type III bursts had begun.
In order to assess the significance of this result, it was necessary to estimate the frequency of AKR onsets. Using the same onset criterion, 400 hours of the available ISEE-1 data between January and April 1979 were examined separately, and eighty onsets were found. Thus the average onset rate was 0.2 per hour, and the probability of an AKR onset during a random 30-minute interval was ten percent. If the AKR onsets were independent Bernoulli events (see Feller [1950] , p. 137), the probability of finding eight in twenty-seven such intervals is 0.003 (one in three hundred). It is, therefore, quite unlikely that the observed alignment between the type III bursts and the onsets was coincidental.
It seems the most plausible conclusion is that the type III events were responsible for stimulating or triggering AKR. The reverse hypothesis (seriously proposed to the author in a related context) was discarded as improbable. It is well known that a type III radio burst is generated by flare-eiected solar electrons. Relative to the arrival of the pertinent radio frequencies, the more energetic flare photons arrive at the earth up to thirty minutes earlier, and the ions a day or so later. Only the type III waves, and sometimes also the attendant flare electrons, arrive at the appropriate times to account for the stimulation of AKR, and it is believed that the former is re- The eight coincident onsets in 27 also implied that intense, isolated type III bursts were capable of stimulating AKR roughly one third of the time. Since the average rate for such bursts was around 0.013 per hour, they would account for 0.004 AKR onsets per hour, or two percent of the total. The subiective study, on the other hand, included all detectable type III bursts, down to a signal level roughly one hundred times weaker. In that study it was estimated that more than one tenth of the AKR onsets could be explained by type III Calvert: Stimulated AKR stimulation and no threshold was found below which stimulation obviously failed to occur (see, for example, Figure 2 at 0000 UT). In view of the increased occurrence frequency of the weaker type III bursts (estimated to often exceed one per hour) a sizeable fraction of the observed AKR onsets could be attributed to stimulation even if the efficiency for the weaker bursts were substantially less than one third. Furthermore, with the lack of a threshold, the possibility that all AKR is externally stimulated cannot be ruled out.
DISCUSSION
The following model is envisaged for AKR stimulation: The type III wave is generated moderately close to the sun (e.g., at 0.2 AU). It travels to the earth where it is refracted inward by the reduced magnetospheric plasma density, passes over the pole, and enters the auroral zone roughly perpendicular to the magnetic field. Alternatively, the wave could be refleeted poleward by the dayside plasmasphere to reach the auroral zone, but a nighttime source is suggested by most of the current observations. Initially unpolarized, the wave undergoes mode splitting in the geomagnetic field and that produces the extraordinary wave probably required for AKR stimulation. The stimulation occurs where the wave finds the simultaneous presence of electron free energy and a low plasma density, since both are required for substantial wave growth.
The stimulation of AKR by an external wave strongly suggests that some sort of signal feedback is involved in the AKR source mechanism. An analog, of course, is the auditorium amplifier which can be set into oscillation by a boisterous speaker. The AKR theories thus far have dealt only with amplification, and feedback not considered. For a complete AKR theory it will be necessary to identify the feedback paths, since they are likely to dominate the emission behavior. Moreover, nonlinear effects or other gain-modifying behavior will also be important, since they will control both the triggering process and the ultimate emission level.
The feedback concept could also explain the complex discrete structure which has been observed in the AKR spectrum [Gurnett et al., 1979] . A feedback oscillator functions only at certain frequencies where the loop phase shift is an integral number of cycles and the loop gain is sufficient. It will usually oscillate at only one such frequency, the others being quenched by nonlinearities. However, in the case of AKR, different feedback paths, at different locations in the source region, could produce the different discrete frequencies which are observed.
It might also be feasible to attempt the artificial stimulation of AKR with a satellite transmitter, since the signal level of a type II! burst (10 -16 w/m•Hz) could be reproduced (over a 1 kHz bandwidth) with only fifty watts at one earth radius. With such an instrument one might be able to examine AKR stimulation under controlled conditions, and perhaps even trigger a substantial AKR burst and monitor the consequences. It might even be possible to use the AKR source region as a gigantic amplifier with which to generate sufficiently intense pulses to produce detectable echoes from the distant magnetotaft, and thus to resolve some quite important questions about magnetospheric structure.
CONCLUSIONS
There is evidence that type III solar radio bursts can stimu- 
